Background
==========

Mediastinal vascular malformations are rare, with only isolated case reports in the existing literature. Most patients are asymptomatic or present with unrelated symptoms. We present a case of an extensive mediastinal vascular malformation with challenging clinical features, with particular focus on the role of radiology and the radiological findings necessary for image-based diagnosis. We also outline the classification and general treatment principles for vascular malformations.

Case Report
===========

A 48-year-old man presented to our hospital's Emergency Department with fever, cough, and epigastric pain of 3 days' duration. He was known to have longstanding alcoholism, a history of intravenous drug abuse, and incompletely treated pulmonary tuberculosis (TB) more than 20 years ago. Chest radio-graph ([Figure 1](#f1-amjcaserep-21-e922163){ref-type="fig"}) showed left upper-zone fibrocalcific changes consistent with prior granulomatous infection, and patchy increased opacification over the left middle to lower zones. His inflammatory markers were elevated.

Computed tomography (CT) of the chest (performed to look for evidence of TB reactivation) ([Figure 2](#f2-amjcaserep-21-e922163){ref-type="fig"}) revealed extensive ill-defined confluent nodular soft tissue with multiple calcific foci in the lower mediastinum, engulfing the heart and lower esophagus, extending to the subcutaneous left chest wall and upper abdomen. No consolidation, tree-in-bud nodularity, or pleural effusion were seen. Calcified granulomas in the left upper lobe and both adrenal glands were consistent with prior TB. Our initial impression was that of chronic granulomatous adenitis with no evidence of active TB infection. There was also nodular thickening and calcification of the esophageal wall, which raised concern for granulomatous involvement.

He underwent esophagogastroduodenoscopy (OGD) the following day, which showed multiple bluish submucosal lesions along the length of the esophagus, raising suspicion of the presence of dilated varices ([Figure 3](#f3-amjcaserep-21-e922163){ref-type="fig"}). His symptoms resolved and he had no further febrile episodes during his hospital stay, even with cessation of antibiotic therapy. Three sets of acid-fast bacilli (AFB) sputum cultures were negative, and he was discharged with a diagnosis of upper-respiratory tract infection (URTI).

He was re-admitted 1 month later with fever and cough of several days' duration. In view of persistent respiratory symptoms despite negative sputum cultures, he underwent anterolateral thoracotomy and open biopsy (under cardiothoracic surgery) of the pericardial mediastinal soft tissue to search for a source of active infection (and simultaneously obtaining tissue cultures to guide therapy). Histology showed fibroadipose tissue with anastomosing variably-sized vascular channels (mainly veins and capillaries) and no granulomatous inflammation or evidence of malignancy, in keeping with a vascular malformation ([Figure 4](#f4-amjcaserep-21-e922163){ref-type="fig"}). The post-operative hospital stay was uneventful and he was discharged in good condition.

At outpatient follow-up with Gastroenterology prompted by the findings on the earlier OGD, he underwent elective magnetic resonance imaging (MRI) of the liver with additional sequences for coverage of the thoracic abnormality.

MRI revealed no evidence of liver cirrhosis. The known vascular malformation in the lower mediastinum to upper abdomen showed serpiginous, increased T2-weighted signal with post-contrast enhancement ([Figure 5](#f5-amjcaserep-21-e922163){ref-type="fig"}). We found scattered foci of low T1-and T2-weighted signals throughout the lesion, corresponding to calcification on the CT, which were consistent with phleboliths. No fluid-fluid levels or cystic spaces were identified. No large feeding artery was detected on magnetic resonance angiography (MRA).

Overall features were consistent with an extensive low-flow venous vascular malformation in the mediastinum and upper abdomen, indenting on the esophageal wall, and the patient was discharged from Gastroenterology. In view of the extensive infiltrative nature of the vascular malformation, necessitating challenging surgery if resected, as well as the lack of significant mass effect on critical structures, our patient was managed conservatively. The malformation remained stable on follow-up CT more than a decade later ([Figure 6](#f6-amjcaserep-21-e922163){ref-type="fig"}).

Discussion
==========

Vascular anomalies are a rare heterogeneous group of lesions which can affect any part of the body. The International Society for the Study of Vascular Anomalies (ISSVA) classification (revised 2014) \[[@b1-amjcaserep-21-e922163]\] is the most widely recognized classification system, dividing vascular anomalies into vascular tumors (e.g., hemangiomas) and malformations, which can comprise any combination of arterial, venous, capillary, and lymphatic components.

Vascular malformations are congenital in nature, usually growing proportionally with the individual, without regression \[[@b2-amjcaserep-21-e922163]\]. They are often infiltrative, involving multiple tissue planes and compartments, unlike vascular tumors.

Ultrasound (US) and MRI are the primary noninvasive imaging modalities for vascular malformations \[[@b3-amjcaserep-21-e922163]\]. Both lack ionizing radiation, are able to clearly identify the vascular nature of a lesion, and provide valuable information on flow dynamics. MRI is preferred for its reproducibility and ability to delineate the extent of non-superficial malformations, such as in our case.

On US, vascular malformations are predominantly heterogeneous hypoechoic lesions with internal color flow. High-flow malformations show arterial waveforms or arteriovenous shunting on Doppler interrogation \[[@b4-amjcaserep-21-e922163]\]. On MRI, vascular malformations appear as septated lobulated masses with low T1-weighted and high T2-weighted signals. High-flow malformations contain enlarged feeding arteries and draining veins, often forming a tangled "nidus" of abnormal vessels, early arterial enhancement, and flow voids \[[@b2-amjcaserep-21-e922163],[@b3-amjcaserep-21-e922163]\]. Low-flow venous malformations show gradual venous and delayed enhancement, absence of flow voids, low-signal-intensity phleboliths, and occasional perilesional edema.

Presence of non-enhancing cystic areas containing fluid-fluid levels suggests a concomitant lymphatic component \[[@b2-amjcaserep-21-e922163],[@b3-amjcaserep-21-e922163]\].

CT has good spatial resolution and can be used to delineate the extent of the malformation as well as involvement of adjacent structures \[[@b3-amjcaserep-21-e922163]\]. Calcification, thrombosis, and phleboliths, which are hallmarks of low-flow malformations, are also clearly visible on CT but requires exposing the patient to ionizing radiation.

Differentiation into high-flow (containing an arterial component) and low-flow malformations is critical for therapeutic planning and prognostication, with the latter accounting for the majority (up to 90%) of lesions outside of the central nervous system \[[@b2-amjcaserep-21-e922163],[@b5-amjcaserep-21-e922163]\]. Low-flow venous malformations are seen in 1--4% of the population \[[@b3-amjcaserep-21-e922163],[@b6-amjcaserep-21-e922163]\] and are usually located in the head and neck (40% of cases), extremities (40%), and trunk (20%) \[[@b2-amjcaserep-21-e922163],[@b7-amjcaserep-21-e922163]--[@b9-amjcaserep-21-e922163]\]. Mediastinal vascular malformations are very rare, with only isolated case reports in the existing literature; of 6 previously described cases, 2 were high-flow malformations (arteriovenous) and 4 were low-flow malformations (venous or lymphovenous) \[[@b10-amjcaserep-21-e922163]--[@b14-amjcaserep-21-e922163]\].

In our patient, the mediastinal vascular malformation was first detected on a CT done for respiratory symptoms. Given the clinical history of recurrent acute respiratory symptoms on a background of incompletely treated pulmonary TB and CT findings of extensive calcified nodular soft tissue in the mediastinum, tuberculous lymphadenitis \[[@b15-amjcaserep-21-e922163]\] was initially thought to be the primary consideration, ultimately resulting in performing a biopsy for confirmation. Interestingly, the abnormal dilated vessels comprising the mediastinal vascular malformation were also initially mistaken for esophageal varices on OGD.

MRI performed at a later date showed imaging features in keeping with a mediastinal low-flow venous vascular malformation. In retrospect, had the differential diagnosis of a vascular malformation been considered, an earlier corroborative MRI might have spared the patient from invasive open biopsy and OGD.

Management of vascular malformations requires a complex multidisciplinary approach, given the widely variable presentation, prognosis, and configuration of these lesions \[[@b4-amjcaserep-21-e922163]\]. Treatment is generally indicated if the patient has significant complications or functional impairment (e.g., hemorrhage, mass effect on critical structures, threatened limb, intractable pain). Localized intralesional coagulopathy can result in thrombosis and increased risk of deep-vein thrombosis, pulmonary embolism, or, rarely, stroke \[[@b14-amjcaserep-21-e922163]\]. Lesion morphology, available expertise, and patient preference are key in deciding between conservative, surgical, or interventional radiologic (such as sclerotherapy or embolization) management.

Our patient remained well on conservative management and did not manifest any compressive or thrombogenic complications; the malformation was stable on follow-up imaging more than 1 decade later. In previous case reports, the majority of low-flow vascular malformations (3 out of 4) were treated conservatively \[[@b10-amjcaserep-21-e922163]--[@b14-amjcaserep-21-e922163]\], with 1 showing stability on follow-up 3 years later \[[@b10-amjcaserep-21-e922163]\].

Conclusions
===========

Mediastinal vascular malformations are rare lesions for which diagnosis can be challenging in the setting of a complicated clinical presentation. Radiologists should be aware of this important differential diagnosis for extensive calcified soft-tissue lesions in the mediastinum involving multiple soft-tissue planes and compartments. Multi-modality imaging, particularly MRI, which can demonstrate typical features, is crucial for image-based diagnosis and prognostication, thereby avoiding unnecessary invasive procedures and treatment.
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![Chest radiograph demonstrates left upper-zone scarring and calcified granulomas, in keeping with the history of tuberculosis. Note the subtle increased opacification over the left middle to lower zones.](amjcaserep-21-e922163-g001){#f1-amjcaserep-21-e922163}

![Sequential axial (**A--C**) and coronal (**D--F**) CT chest images show a large infiltrative nodular soft-tissue mass containing multiple calcific foci in the lower mediastinum surrounding the heart and esophagus, extending to the subcutaneous left chest wall (**D**, yellow oval) and upper abdomen. There is nodular thickening and calcification inseparable from the esophageal wall (**F**, yellow arrows). Calcified granulomas in the left lung upper lobe (**G**, coronal CT lung window) and bilateral adrenal glands (**F**, curved black arrows) are in keeping with prior TB.](amjcaserep-21-e922163-g002){#f2-amjcaserep-21-e922163}

![Direct visualization on OGD demonstrating tortuous dilated submucosal lesions with bluish tinge in the lower esophagus mimicking varices (arrows); bottom right--normal upper esophagus for comparison.](amjcaserep-21-e922163-g003){#f3-amjcaserep-21-e922163}

![Histology photomicrographs (hematoxylin and eosin staining; (**A**) ×1, (**B**) ×2, (**C**) ×5, and (**D**) ×10 magnification) show multiple anastomosing variably-sized vascular channels, mainly veins (V) and capillaries (C), within fibroadipose tissue.](amjcaserep-21-e922163-g004){#f4-amjcaserep-21-e922163}

![Paired axial T1-weighted pre- (**A, C**) and post- (**B, D**) contrast MRI images show avid serpiginous enhancement in keeping with the underlying vascular nature of the mass. Coronal T2-weighted fat saturation (**E, F**) MRI reveals marked T2-weighted hyperintensity. Scattered intralesional hypointense foci corresponding to calcification on the CT (**G, H**, yellow arrows) are in keeping with phleboliths.](amjcaserep-21-e922163-g005){#f5-amjcaserep-21-e922163}

![Axial (**A**) and coronal (**B**) CT images 11 years later show interval stability of the known extensive mediastinal vascular malformation.](amjcaserep-21-e922163-g006){#f6-amjcaserep-21-e922163}
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